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AMTNnArVT ASE AND ITS USE 
TN THE PRODT ICTTON OF D- AMINO ACIDS 

Fiftld nf the Invention 

This invention relates to an enzyme ha>ang D-aminoacjdase activity and to its use 
5 in the production of D-aniinoacids, by resolving a racemic mixture of N-acyl aminoacids 
and deprotecting optically-enriched N-acyl aminoadds. 
Background of the Invention 

D-Aminoacids are commercially important intermediates in the production of 
various pesticides, antibiotics and other pharmaceuticals. For example, phenylglycine and 
10 p-hydroxyphenylglycine are used in the synthesis of semi-synthetic penicillins and 
cephalosporins. There is also much demand for novel D-aminoadds as building blocks for 

new drug substances. 

D-Aminoacids may be accessed by physical separation, for example by 
crystallisation of salts, or by asymmetric chemocatalysis by way of hydrogenation of an 
1 5 enamide precursor. Chemocatalysis provides a general method ofbroad applicability, e.g. 
for unnatural aminoacids, but requires subsequent N-deacylation for which conventional 
chemical hydrolysis often results in partial racemisation of the product. There are 
biocatalytic methods also, for example by the hydrolysis of hydantoins using a D-specific 
hydantoinase. However, the resulting D-cariiamoyl aminoacid still requires enzymic or 
20 chemical deprotection to the aminoacid. 

The production ofL-aminoacidsby means of an L-specific aminoacylase-catalysed 
hydrolysis of the racemic N-acetylaminoacid is a technology that is weU established. This 
uses the enzyme G^omA^rgillus oryzae and has been operated on a commercial basis at 
very large scale, to produce L-methionine, L-valine and L-phenylalanine. Such a large- 
25 scale technology does not exist for production ofD-aminoacids, although D-aminoacylase 
activity has been identified in several microbial sti^ oiPseudomortas, Streptomyces and 
Alcaligenes. See Sugie and Suzuki, Agric. Biol. Chem. 44:1089-1095 (1980); Daicel 
Chemical Industries, JP 64-5488 (1989); Moriguchi and Ideta, Appl. Env. Microbiol. 54: 
2767-2770 (1988); Sakai et al, Agric. Biol. Chem. 54: 841-844 (1990); Sakai ei al, J. 
30 Faro. Bioeng. 71:79-82 (1991); Sakai etal, Appl. Env. Microbiol. 57: 2540-2543 (1991); 
Yang et al, Appl. Env. Microbiol. 57: 1259-1260 (1991); and Kameda et al. Nature 169: 
1016 (1952). 
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The enzymes from these strains were isolated and characterised. It should in theory 
be relatively easy to use such strains in whole-cell form for the resolution or deprotection 
of A^-acetyl aminoacids, but the cells were also shown to contain L-aminoacylases, thus 
reducing the stereoselectivity. In addition, the low levels of activity, even after growth on 

5 inducing media, make purification and use of the enzyme from the whole-cell unattractive 
economically. A solution was foreseen by way of cloning the enzymes, and this has been 
reported recently for an Alcaligenes species D-aminoacylase, though it would not be 
expected that such an enzyme would work at any higher substrate concentration, nor differ 
significantly in its substrate specificity from the wild-type enzyme. See Moriguchi et al, 

0 Biosci. Biotech. Biochem. 57 (7): 1 149-1 152 (1993); Wakayama et al, Biosci. Biotech. 
Biochem. 59(11):2115-21 19(1995); andWakayamae/a/,Prot. Express. Pur. 7: 395-399 
(1996). 

This enzyme, obtained from Alcaligenes xylosoxydans subsp. xylosoxydans 
{^Alcaligenes A-6-), NCIMB 10771, does not hydrolyse N-acetyl-D-tryptophan. It is 
5 reported that the activity of D-aminoacylase is inhibited by 37% and 40% by D- 
phenylalanine and N-acetyl-D-alloisoleudne at a very low concentration of 2mM. This 
suggests that the enzyme is susceptible to severe product and substrate inhibition. 

US-A-5206162 discloses a D-aminoacylase obtained ^om Alcaligenes faecalis^ 
CCRC 14817. 

0 EP-A-0896057 (published after the first priority date claimed for this Application) 

discloses a D-aminoacylase obtamed from Amycolatopsis orientalis, WO 12806. 
Summary of the Invention 

The present invention was made following a screen for D-aminoacylase activity 
performed on a collection of bacteria, and from this screen several were identified as 

5 having a D-aminoacylase. Five of these strains were used for genomic DN A preparation. 
It was then possible, by examining a known literature sequence, to design oligonucleotide 
primers, and use these in PGR experiments to generate a 1.4kb fragment possessing D- 
aminoacylase activity. The recombinant Augment was sub-cloned into pTrc99C 
expression vector. The recombinant plasmid carrying the D-amino acylase fragment was 

) then transformed ui to E. coli DH5 for over-expression. After fermentation of the host, 
cells were obtained which had good D-aminoacylase activity. 
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Sequencing of the enzyme showed that it had six differences to the pubUshed 
sequence of the known cloned Alcaligems D-aminoacylase. These were Ser ^ to Ala; 
Gln^ to Glu; Ala" to Val; Gly'" to Arg; Gly^ to Arg; and Glu^« to Lys. These 
differences, individually or in combination, apparently bring about notable and surprising 
5 differences m the properties of the enzyme. For example, the novel enzyme will hydrolyse 
N-acetyl-D-tryptophan, whereas the pubUshed enzyme does not. Surprisingly, this enzyme 
is active at high substrate concentration; the pubUshed Uterature gives only examples of 
low substrate concentration, in the region of 20mM. At these concentrations, the volume 
efficiency is low, which increases the cost of recovering the product and reduces the 
10 economic viabiUty of the process. Thus, it was surprising to find that the enzyme is 
effective at lOOg/1 of substrate; even at 200g/l good activity was demonstrated. Itisusefiil 
at high volume efficiency, of about lOOgA, for the deprotection of several (D)-N- 
acetylaminoacids. This aUows an economical process to be developed. 

More generally, an isolated enzyme according to the present invention is capable 
15 of hydrolysing N-acetyl-D-tryptophan at a substrate concentration of 10 g/1. Thus, it is 
capable of the desired activity at the given concentration, and also at higher 
concentrations. In addition, unUke the enzymes disclosed in US- A-5206 162 and inEP-A- 
0896057. it exhibits the abiUty to convert (R)-N-acetyl-2-thienylalanine, and also to 
convert it faster than (R)-N-acetyl-4-chlorophenylalanine. 
20 Description of the Invention 

In general terms, the substrate used in the invention may be part of a mature of 
the (L)- and (D)-N-acylaminoacids. Alternatively, the (p)-N-acylaminoacid may be 
enantiomericaUy enriched, e.g. essentially opticaUy pure. 

The novel enzyme may be used to produce natural and unnatural anunoacids. One 
25 class of the latter is aryl/heteroaiyl-substituted aminoacids. 

In some instances, particularly with substrates of a hydrophobic nature, the enzyme 
may suffer fi-om substrate inhibition. In these cases, for example with N-acetyl-D- 
styiylalanine or N-acetyl-D-2-naphthylalanine, a high substrate concentration may merely 
lead to a low conversion to product, so that a volume efficient reaction is not possible. 
30 However, this effect can be overcome by the simple expedient of adding the substrate in 
several batches overthe course ofthebiotransformation, and, if kept at low concentration, 
a high product accumulation is possible. For example, if the enzyme is exposed to >20g/l 



10 
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of N-acetyl-D-2-naphthylalanme, substrate hydrolysis is poor. However, the enzyme will 
hydrolyse 15 g/1 efficiently and, by making several additions of the substrate, it is possible 
to accumulate about 75 g/1 of D-2-naphthylalanine. 

The enzyme may be used in whole cell or isolated form. It may be immobilised, 
5 if desired, by methods known to those of ordinary skill in the art. 

The em^e may be produced from the deposited organism (details given bdow). 
AJtemativdy, it may be produced by recombinant technology. 

Usmg the DNA and amino-acid sequence provided herwn, a person skilled in the 
art can readUy construct fragments or mutations of the genes and enzymes disclosed 
herein. These fragments and mutations, which retain the activity of the exemplified 
enzyme, are within the scope of the present mvention. Also, because of the redundancy 
of the genetic code, a variety of dififerent DNA sequences can encode the amino-acid 
sequences disclosed herein. It is weU Avithin the skill of one of ordinary skiU in the art to 
create these alternative DNA sequences encoding the same, or similar, enzymes. These 
1 5 DNA sequences are within the scope of the present invention. As used herein, reference 
to "essentially the same" sequence refers to sequences which have amino-acid 
substitutions, deletions, additions or insertions which do not materially afifect activity. 
Fragments retaining activity are also included in this definition. 

The genes of this invention can be isolated by known procedures and can be 
20 introduced into a wide variety of microbial hosts. Expression of the gene results, direcUy 
or indirectly, in the intracellular production and maintenance of the enzyme. The gene may 
be introduced via a suitable vector into a microbial host. 

A wide variety of ways are available for introdudng the gene into the 
microorganism host under conditions which allow for stable maintenance and expresaon 
25 ofthegene. A DNA constnict may include the transcriptional and translationalregulatoty 
signals for expression of the gene, the gene under their regulatory control and a DNA 
sequence homologous with a sequence in the host organism, whereby integration will 
occur, and/or a repUcation system which is functional in the host, whereby integration or 
stable maintenance will occur. 
30 In the direction of transcription, namely in the 5' to 3' direction of the coding or 

sense sequence, the constnict can involve the transcriptional regulatoty region, if any, and 
the promoter, where the regulatory region may be either 5' or 3* of the promoter, the 
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ribosomal binding site, the initiation codon, the structural gene having an open reading 
frame in phase with the initiation codon, the stop codon(s), the polyadenylation signal 
sequence, if any, and the terminator region. This sequence as a double strand may be used 
by itself for transformation of a microorganism host, but will usually be included with a 

5 DNA sequence involving a marker. 

The gene can be introduced between the transcriptional/translational initiation and 
termination regions, so as to be under the regulatory control of the initiation region. This 
construct can be included in a plasmid, which could include at least one replication system, 
but may include more than one, where one replication system is employed for cloning 

0 during the development of the plasmid and the second replication system is necessary for 
functioning in the ultimate host. In addition, one or more markers may be present, as 
described above. Where integration is desired, the plasmid will desirably include a 
sequence homologous with the host genome. 

The transformants can be isolated in accordance with conventional ways, usually 

S employing a selection technique, wtuch allows for selection of the desired organism as 
against unmodified organisms or transferring organisms, when present. The transformants 
then can be tested for activity. 

Suitable host cells include prokaryotes and eukaryotes. An example is R coli. 
The following Examples illustrate the invention. 

0 Eicample 1 Production of D-Aminoacylase 

Genomic DNA was prepared fi^om 5 Alcaligenes strdns held in the Chirotech 
culture collection; CMC3352, 3353, 2916, 3378, 3823. From these genomic preparations 
PGR was carried out to amplify the D-aminoacylase reported by Wakayama et al (1995), 
supra. Primers were synthesised according to the published sequence of the dan gene 

5 &omAlcaligenes A-6. The 5* PGR primer in SEQ ID NO. 1; the 3' PGR primer is SEQ 
ID NO. 2. 

A 1.4 kb PGR Segment was amplified fi-om strains CMG 3352 and 3353, These 
Augments were then cloned into the PGR cloning vector from Stratagene, pGR-script and 
transformed into R coli. Resultant clones were analysed by restriction mapping to 
0 ascertain the presence of a 1 .4kb acylase fiagment. Glones harbouring this fi^gment were 
sequenced to verify that the putative acylase showed homology to the reported sequence. 
DNA sequence analysis show the majority of cloned fi-agments to include SEQ ID NO. 3 . 
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The deduced aminoacid sequence is given below as SEQ ID NO. 4. The residues 
of the recombinant D-acyiase differ from the published sequence as follows; Ser ^ to Ala; 
On^ to Glu; Ala" to Val; ; Gly*" to Arg; Gly^ to Arg; Glu^« to Lys. 

The recombinant fragment was sub-cloned into pTrc99C expression vector via the 
5 5' Ncol and 3' BamHl engineered restriction sites. The recombinant plasmid carrying the 
D-amino acylase fragment was transformed into E. coli DHS for over-expression. 

The recombinant cells, E. coli strain CMC 4406, have been deposited at NCIMB, 
23 St. Machar Drive, Aberdeen AB24 3RY, Scotland. The accession number is NCIMB 
40965. 

10 The recombinant cells were grown by fermentation in a medium containing 

glucose, peptides and salts. The seed culture was inoculated from plates, and incubated 

overnight in TSB medium containing O.I g/1 ampicillin at 37 °C. 

The inoculum (5ml, OD 5.0) was grown in 1.51 of the following medium which 

contained (amounts in g.!'' unless otherwise indicated): 

15 KHjP04 8 
KjHP04 7 
(NH4),S04 1 

MgS04. THjO 1 

Yeast Extract 15 

20 Trace elements solution Iml.!** 

Glucose 10 

Polypropylene glycol Iml.!'' 

Hycase SF 15 

The trace elements solution consisted of (amounts in g.I'' unless otherwise 

25 indicated): 

CaCl2.2H20 3.6 

CoClj. 6H2O 2.4 

CuClj. 2H2O 0.85 

FeCl,. 6H2O 5.4 

30 H»B04 0.3 

HCl 333ml.l-» 

MnClj. 4HjO 2.0 

Na^o04. 2HjO 4.8 

ZnO 2.0 

35 
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The pH was controlled between 6.9 and 7.2 by the addition ofNaOH solution, and 
the temperature maintained at SO'^C. IPTG (0,24g/l) was added after inoculation. After 
24 hrs, the biomass had reached an OD of 34. Cells were then harvested by centrifiigation 
and stored at -15®C, then used in biotransformations as required. 

5 Example 2 Deprotection of (D)-N-Acetyl-(l-bromovinyl)alanine 

KH2PO4 (O.Sg, lOnmioI) was dissolved in water (800 ml) in a 2 litre jacketed 
vessel. (D)-N-acetyi-(l-bromovinyl)alanine (lOOg, 0.42 mol, ^-95% eejj was added and 
the pH adjusted to 8.0 using NaOH (46-48%). The temperature of the jacketed vessel was 
raised to 40'*C and the solution stirred for 1 0 minutes while maintaming the pH at 8. The 

0 D-aminoacylase en2yme whole cells (9g) were added in one portion and the reaction 
mbcture stirred at 40^*0 while maintaining the pH at 8.0 by subsequent additions ofNaOH. 
The reaction was monitored by chiral GC as follows: 0.5 ml of the reaction mixture was 
taken and acidified to pH 2.0 with cone. HCI. The aqueous was extracted with EtOAc 
which was dried (MgSOJ and filtered and treated with 0. 1ml of TMS-diazomethane. The 

5 derivatised product was assayed by chiral GC (Chrompack Chirasil L-Val, 25m, 20psi He, 
60''C for 10 mins, S^^CVmin to 200^C, holding for 10 minutes, FID detection). After 1 hour 
the ee of the substrate had decreased to 68%, after 2 hours it was 24% and after 22 hours 
was 7%. The reaction mixture was then acidified to pH 2.0 using concentrated HCI 
solution, then filtered through a celite pad, and washed with EtOAc (3 x 300ml). 

0 The solution was then adjusted to pH 6, 5 using NaOH (46-48%) and concentrated 

under reduced pressure until about 200 ml of solution remained. A white solid crashed 
out of solution and was filtered oflf and washed with acetone. This gave the product (D)- 
(l-bromovinyl)alanine as a clean white solid (60g, eeR>99 %). The enantiomeric excess 
was measured by HPLC (25cm Chirobiotic T column, 70:30 MeOH:water, Iml/min, 

5 21 Onm). Other aminoacids were determined by the same method or with variations m the 
MeOHrwater mobile phase composition. 
Example 3 Deprotection of (D)-N-acetylpropargylglycine 

KH2PO4 (2. Ig) was dissolved in water (2.51) in a 2 litre jacketed vessel. The (D)- 
N-acetylpropargylglycine (232g, 1.50mol, --95% ccr) was added and the pH adjusted to 

D 8.0 using NaOH (46-48%). The temperature of the jacketed vessel was raised to 40'*C and 
the solution stirred for 10 minutes while maintaining the pH at 8. The D-aminoacylase 
enzyme whole cells (7g) were added in one portion and the reaaion mixture stirred at 
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40°C while maintaining the pH at 8.0 by subsequent additions of NaOH. After 88 hours 
the remaining ee^).N.Ac was 25.8%, only marginally lower than that at 16 hours. Another 
3%/wt of cells were added and after 104 hrs the ee^R^^-Ac was 17.8%. The 
biotransformation was worked up since assuming 99% ee of product conversion was 85%. 

Work-up and isolation as for Example 2 gave a brownish solid (27 Ig) which was 
slurried in MeOH for 10 minutes to give a clean white solid (171g) of >99% ee (R)- 
propargylglydne. 

Example 4 Deprotection of (D>-N-acetyl-2-furylalaninc 

(D)-N-Acetyl-2-furylalanine (18g, eeR>99%) was added to water (200ml) 
containing 1 Ommole ofKHjPO^ and the temperature of the jacketed vessel raised to 40'*C. 
The suspension was then adjusted to pH 8.0 with NaOH and stirred for 10 minutes. 0.72g 
(4% wt) of D-aminoacylase whole cells were then added and the reaction stirred 
vigorously while maintaining the pH at 8.0 by subsequent addition ofNaOH. The reaction 
was followed by chiral GC by the method described above, and was complete after 2 
hours. The aqueous was the acidified to pH 2.0 v^th cone. HCl, and filtered through a 
Celite pad. The filtrate was then washed with EtOAc and adjusted to pH 7 with NaOH. 
The solution was the treated with NajCOj (2 equivalents assuming 100% conversion), 
cooled to -10*C and then a solution of Fmoc-OSu (1 equivalent) in THF (300ml) added. 
After work-up the product was isolated as a white solid and recrystallised firom 
methanol/water to give 18.4g of >99% ee (D)-2-fijrylalanine. 
Example 5 Deprotection of (D>-N-acetyIanylglycine 

(D)-N-Acetylallylglycine (40g, ee^ 89%) was added to water (200ml) containing 
lOnmiole of KH2PO4 and the temperature of the jacketed vessel raised to 40°C. The 
suspension was then adjusted to pH 8,0 with NaOH and stirred for 1 0 minutes. 1 .Og (2.5% 
wt) of D-aminoacylase whole cells were then added and the reaction stirred vigorously 
while maintaining the pH at 8.0 by subsequent addition of NaOH. After 3 hours HPLC 
showed 30% conversion. After 16 hours the reaction had not gone any fiirther and a 
fiirther 2.5% wt of whole cells were added. After 60 hours the reaction still had not 
progressed past 30% and the solution was diluted to 10% by the addition of water. After 
another 2 hours, the reaction had reached 44% conversion, and after 88 hours 82% 
conversion. 
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Example 6 Deprotection of (D)-N-acetyl-2-naphthylaIanine 

(D)"N-Acetyl-2-naphthylalanme (0.75g) was added to SOrtil Tris buflfer (0. 1 M, pH 
7.5, 30 **C). The suspension was then adjusted to pH 8.0 with NaOH and stirred for 10 
minutes. A crude lysate of D-aminoacylase (3 ml, 165U, lU=hydrolysis of Ijimol of N- 
acetyl-D-tryptophan/min at 25*C, pH 7.5, O.IM Tris buflfer) was then added and the 
reaction stirred while maintaining the pH at 8.0 by subsequent addition of NaOH. More 
substrate (0.75g) and enzyme (165U) was added at 22, 46, 96, 173 and 218 hours. The 
final conversion by HPLC was 95% by peak area. 
Example 7 Deprotection of (D)-N-acetyI-3-pyridylaIanine 

(D)-N-Acetyl-3-pyridylalanine (50g) was added to 750ml Tris buflFer (0, 1 M, pH 
7.5, 30®C). The suspension was then adjusted to pH 8.0 with NaOH and stirred for 10 
minutes. A crude lysate of D-aminoacylase (20 ml, 1 lOOU, lU=hydrolysis of 1 |xmol of N- 
acetyl-D-tryptophan/min at 25*C, pH 7.5, O.IM Tris buffer) was then added and the 
reaction stirred while maintaining the pH at 8.0 by subsequent addition of NaOH. After 
1 5 hours the reaction had reached about 80% conversion as measured by HPLC peak area. 
Examples 8 to 20 D-Acylase Reactions 

Table 1 reports D-acylase reactions using a range of unnatural (/2)-N-Ac- 
phenylalanine and (/?)-N-Ac-alanine derivatives, and (/?)-N-Ac-4-fluorophenylglycine. 

Table 1 



Ex. 


Substrate 
(N-Acetyl-) 


Substrate 
Cone. 


Enzyme 
(U/zxunol) 




Temp 




Yield** 
(%) 


Conv* 
(%) 








Mol/L 














8 


4-Chloro-Phc-Ali 


20 


0.083 


1,0» 


8.0 


40 


72hrs 


67 


61 


9 


4-Bramo-Fhe-Ala 


30 


0.104 


50.2 


8.6 


40 


>3days 


73 


90 


10 


4-Fluoio-Phe-Ala 


84 


0,373 


26.5 


7.5 


30 


4days 


73 


98 


11 


4-Cyano-Pfae-Ala 


15 


0.069 


18.5 


7.7-8.0 


30 


>3days 


45 


75 


12 


2-Fluoro-Phe-Aia 


100 


0.440 


2.2 


8.0 


40 


24fars 


79 


90 


13 


Styiyl-Ala 


13 


0.056 


160 


8.5 


30 


3days 


84 


90 


14 


2-Thienyl-AIa 


70 


0.330 


21.3 


7.7 


30 


3days 


56 


95 


IS 


5-Br-2-thienyl-Ala 


44.4 


0.152 


14.6« 


8.2 


40 


48brs 


86 


>95 


16 


S-Thieoyl-Ala 


100 


0.470 


24.3 


8.5 


30 


48hrs 


87 


94 


17 


3-Furyl-Ala 


30 


0.152 


105 


8.5 


40 


24his 


n/a 


90 


18 


2-Naphthyl-Ala 


15 


0.062 


3.80* 


8.5 


40 


7day5 


n/a 


90 


19 


TA2 


112 


0.525 


69.1 


7.5 


30 


3days 


n/a 


90 


20 


4-Fluoro-Phe-Glv 


85.7 


0.406 


21.6 


8.1 


35 


24hr5 


88 


n/a 
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All reactions cairied out in NaOH/KH^PO, bufifer. ' Time to reach completion/cessation 
of reaction. Isolated yield. ' Conversion in crude biotransformation reaaion mixture. 
Voce, rose from 90% in N-acetyl substrate to 96.5% in aminoacid. • Reaction done using 
whole cells. 
5 TAZ = 4-ThiazoylAlanine 

Comparative Testing 

In order to evaluate the properties of the novel enzyme and known D-acylases, 
comparative experiments were run. The results are reported in Table 2. In each set of 3 
results, the respective enzymes were those deposited as IFO 12806 (104470) and CCRC 
10 14817 (104476), and that of Example 1 (D-Ace). The results (U/U) show that, when 
appropriate corrections have been made, the novel enzyme converts certain unnatural 
aminoacids, e.g. (R)-N-Acthienylalanine, faster than CCRC 14817, although the rate is 
slower for (R)-N-Ac-4-chlorophenylalanine. 
Example 21 Whole Cell Immobilisation 
15 Whole cells of E. coli CMC4406 containing recombinant D-acylase were 

immobilised on a reactive soluble polymer (RSP). The RSP was prepared by reaction of 
polyethyleneimme (0.8g) with aqueous 25% w/vglutaraldehyde (1.6ml), to atotal volume 
of 20 ml H2O. The RSP was then mbced with 1 Og of ceUs resuspended in 20ml HjO. This 
was stirred vigorously for 30 minutes, after which the immobilised cells, having the 
20 consistency of foam rubber, were recovered by filtration. The final product (20g) had a 
specific activity of 20.55 U/g and the recovery of activity was 43% of the whole ceUs used 
in the immobiHsation. 1 Unit of activity is defined as the hydrolysis of 1 ^mol/min N-Ac- 
D-tryptophan to D-tryptophan measured at a substrate concentration of lOmM at 25-C, 
pH7.5. 

25 Example 22 Whole Cell Immobilisation 

An aqueous suspension of ceUs otE. coli CMC4406 (lOg in 20ml of water) was 
mixed thoroughly with 0.8g PEI, before the addition of 1 .6ml of 25% w/v glutaraldehyde. 
Stirring of this mixture resulted in the formation of bead-like aggregates which were 
recovered by filtration. The final product (13.5g) had a specific activity of 20.39U/g and 
30 yielded 25% of the starting activity. 
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CLAIMS 

L An isolated enzyme capable of hydrolysing N-acetyl-D-tryptophan at a substrate 
concentration of 10 g/1 and which exhibits faster conversion of (R)-N-acetyl-2- 
thienylalanine than of (R)-N-acetyl-4-chlorophenylalanine. 
5 2, An isolated enzyme having the aminoacid sequence of SEQ ID NO: 4, or a 
fragment thereof capable of hydrolysing N-acetyl-D-tryptophan at a substrate 
concentration of 10 g/1. 

3. An enzyme according to claim 1 or claim 2, wherein the substrate concentration 
is 30 g/1. 

0 4. An enzyme according to claim 3, wherein the substrate concentration is 100 g/1. 

5. An enzyme according to any preceding claim, in immobilised form. 

6. An isolated polynucleotide encoding an enzyme according to claim 2. 

7. A polynucleotide according to claim 6, having part or all of the sequence shown 
in SEQ ID No. 3. 

5 8. A microorganism transformed to express an enzyme according to any of claims 1 
to 5. 

9. A microorganism having the characteristics of NCIMB 40965. 

10. A method for producing an enzyme according to any of claims 1 to 5, which 
comprises culturing a microorganism according to claim 8 or claim 9. 

0 11. A process for the preparation of a (D)-aminoacid, which comprises the conversion 
of a corresponding (D)-N-acylaminoacid using an enzyme according to any of claims 1 to 
5 or a microorgamsm according to claim 8 or claim 9. 

12. A process according to claim 11, wherein the concentration of the 
N-acylaminoacid is at least 30g/l. 
15 13. A process according to claim 11, wherein the concentration of the 
N-acylaminoacid is at least 100 g/1. 

14. A process according to any of claims 1 1 to 13, wherein the (D)-N-acylaminoacid 
is part of a mixture of the (L)- and (D)-N-acylaminoacids. 

15. A process according to any of claims 1 1 to 13, wherein the (D)-N-acylaminoacid 
EO is enantiomerically enriched. 

16. A process according to any of claims 1 1 to 13, wherein the (D)-N-aminoacid is 
essentially a single enantiomer. 
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17. A process according to claims 11 to 16, wherein the aminoacid is unnatural. 

18. A process according to any of claims 11 to 15, wherein the substrate is 
hydrophobic, such that there is substrate inhibition, which comprises adding the substrate 
batchwise during the conversion. 

5 19. A process according to any of claims 1 1 to 1 8, wherein the concentration of the 
accumulated D-aminoacid is at least 30 g/1. 
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<110> Chirotech Technology Limited 

<120> AMINOACYLASE AND ITS USE IN THE PRODUCTION OF 
D-AMINOACIDS 

<130> REP05858WO 

<140> not yet known 
<141> 1999-10-20 

<160> 4 

<170> Patentin Ver. 2.1 

<210> 1 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
Oligonucleotide 

<400> 1 

ggatccatgg ccgaatccga ttcccagccc ttcgac 36 

<210> 2 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
Oligonucleotide 

<400> 2 

gtgaattcga gctcaggcgg cctgcgtgcg agca 34 

<210> 3 
<211> 1473 
<212> DNA 
<213> Alcaligenes 

<220> 



1 
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gcc ccc ctg gac ctg ctg gac gaa ggc ggt teg tac cgc ttc gag cgc 
Ala Pro Leu Asp Leu Leu Asp Glu Gly Gly Ser Tyr Arg Phe Glu Arg 
115 120 125 

ttc gcc gac tac ctg gac gcg ttg egg gcc acg ccg gcg gcc gtc aac 
Phe Ala Asp Tyr Leu Asp Ala Leu Arg Ala Thr Pro Ala Ala Val Asn 
130 135 140 

gcc gcc tgc atg gtg ggc cat teg acg ctg cgc gcc gcg gtc atg ccg 
Ala Ala Cys Met Val Gly His Ser Thr Leu Arg Ala Ala Val Met Pro 
145 150 155 

gac ttg cag cgc gcc gcc ace gac gag gaa ate gcg gcc atg egg gac 
Asp Leu Gin Arg Ala Ala Thr Asp Glu Glu lie Ala Ala Met Arg Asp 
160 165 170 



48 



96 



144 



<221> CDS 
<222> (7).. (1458) 

<400> 3 

ggatcc atg gcc gaa tec gat tec cag ccc ttc gac ctg ctg etc gtg 
Met Ala Glu Ser Asp Ser Gin Pro Phe Asp Leu Leu Leu Val 
15 10 

ggc ggc acc etc ate gac ggc age aac ace ccg ggg egg cgc gcc gac 
Gly Gly Thr Leu lie Asp Gly Ser Asn Thr Pro Gly Arg Arg Ala Asp 
15 20 25 30 

ctg ggc gtg cgc ggc gac cgc ate gee gee ate ggc gat ctg teg gac 
Leu Gly val Arg Gly Asp Arg lie Ala Ala lie Gly Asp Leu Ser Asp 
35 40 45 

gcc gee gcg eac acc egg gtc gac gtg teg ggc ctg gtg gtc gcg ccc 192 
Ala Ala Ala His Thr Arg Val Asp Val Ser Gly Leu Val Val Ala Pro 
50 55 60 

ggc ttc ate gac teg eac acc eac gac gac aac tac ctg etc agg cgc 240 
Gly Phe lie Asp Ser His Thr His Asp Asp Asn Tyr Leu Leu Arg Arg 
65 70 75 

cgc gac atg acg ccc aag ate teg cag ggc gtc acc acg gtg gtc acg 288 
Arg Asp Met Thr Pro Lys lie Ser Gin Gly Val Thr Thr Val Val Thr 
80 85 90 

ggc aat tgc ggc ate age ctg gca ccg ctg gcg eac gee aac ccg ccc 336 
Gly Asn Cys Gly lie Ser Leu Ala Pro Leu Ala His Ala Asn Pro Pro 
95 100 105 110 



384 



432 



480 



528 



2 
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ctg gcc gag gaa gcc atg gcc age ggc gcc ate ggc att teg aec ggc 576 
Leu Ala Glu Glu Ala Met Ala Ser Gly Ala lie Gly lie Ser Thr Gly 
175 180 185 190 

gcc ttc tac cog ccc gcc gcc cgc gcc acc ace gaa gag ate ate gag 624 
Ala Phe Tyr Pro Pro Ala Ala Arg Ala Thr Thr Glu Glu lie lie Glu 
195 200 205 

gtg tgc egg ccg ctg age gcg cat ggc ggc ate tac gcc acc cac atg 672 
Val Cys Arg Pro Leu Ser Ala His Gly Gly He Tyr Ala Thr His Met 
210 215 220 

cgc gac gaa cgc gag cac ate gtg gcc gcg ctg gag gaa acc ttc cgc 720 
Arg Asp Glu Arg Glu His He Val Ala Ala Leu Glu Glu Thr Phe Arg 
225 230 235 

ate cge cgc aag ctg gae gtg ccg gtg gtg ate teg cac eae aag gtc 768 
He Arg Arg Lys Leu Asp Val Pro Val Val He Ser His His Lys Val 
240 245 250 

atg ggc cag ccc aat ttc ggc cgc teg cgc gag acg ctg ccg ctg ate 816 
Met Gly Gin Pro Asn Phe Gly Arg Ser Arg Glu Thr Leu Pro Leu He 
255 260 265 270 

gag gee gcc atg gcg cgc cag gac gtc teg ctg gae gcg tat ccc tac 864 
Glu Ala Ala Met Ala Arg Gin Asp Val Ser Leu Asp Ala Tyr Pro Tyr 
275 280 285 

gtg gee ggc tec acc atg etc aag cag gac cgc gtg ctg ctg gee gga 912 
Val Ala Gly Ser Thr Met Leu Lys Gin Asp Arg Val Leu Leu Ala Gly 
290 295 300 

cgc acc ate ate acc tgg tgc aag ccc ttc ccc gaa ctg age ggg cgc 960 
Arg Thr He He Thr Trp Cys Lys Pro Phe Pro Glu Leu Ser Gly Arg 
305 310 315 

gac ctg gat gaa gtc gcg gee gag cgc ggc aaa tec aag tac gac gtg 1008 
Asp Leu Asp Glu Val Ala Ala Glu Arg Gly Lys Ser Lys Tyr Asp Val 
320 325 330 

gtg ccc gag ctg cag ccg gcc ggc gcc ate tac ttc atg atg gac gaa 1056 
Val Pro Glu Leu Gin Pro Ala Gly Ala He Tyr Phe Met Met Asp Glu 
335 340 345 350 

ccc gac gtg cag cge ate ctg gcg ttc ggc ccg aec atg ate ggc tee 1104 
Pro Asp Val Gin Arg He Leu Ala Phe Gly Pro Thr Met He Gly Ser 
355 360 365 



3 
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gac ggc ctg ccg cac gac gag cgc ccg cat ccg cgc ctg tgg ggc acc 1152 
ASP Gly Leu pro His Asp Glu Arg Pro His Pro Arg Leu Trp Gly Thr 
370 375 380 

ttc ccg egg gtg ctg ggg cac tat gcg cgc gac ctg ggc ctg ttc ccg 1200 
Phe Pro Arg Val Leu Gly His Tyr Ala Arg Asp Leu Gly Leu Phe Pro 
385 390 395 

ctg gag acg gcg gta tgg aag atg acc ggc ctg acc gcc gcg cgc ttc 
Leu Glu Thr Ala Val Trp Lys Met Thr Gly Leu Thr Ala Ala Arg Phe 
400 405 410 

ggc ctg gcc ggg cgc ggg cag ctg cag gcc ggg tac ttc gcc gac ctg 
Gly Leu Ala Gly Arg Gly Gin Leu Gin Ala Gly Tyr Phe Ala Asp Leu 
415 420 425 430 

gtg gtg ttc gac ccg gcc acg gtg gcc gat acc gcc acc ttc gaa cac 1344 
val Val Phe Asp Pro Ala Thr Val Ala Asp Thr Ala Thr Phe Glu His 
435 440 445 

cct acc gag cgc gcc gcc ggc ate cat tec gtg tac gtc aac ggc gcg 1392 
pro Thr Glu Arg Ala Ala Gly lie His Ser Val Tyr Val Asn Gly Ala 
450 455 460 



ccg gtc tgg caa gag cag gcg ttc acc ggc cag cat gcc ggc cgc gtg 
Pro Val Trp Gin Glu Gin Ala Phe Thr Gly Gin His Ala Gly Arg Val 
465 470 475 

etc gca cgc acg gcc gcc tgagctcgaa ttcac 
Leu Ala Arg Thr Ala Ala 
480 



1248 



1296 



1440 



1473 



<210> 4 

<211> 484 

<212> PRT 

<213> Alcaligenes 

<400> 4 

Met Ala Glu Ser Asp Ser Gin Pro Phe Asp Leu Leu Leu Val Gly Gly 
15 10 15 

Thr Leu lie Asp Gly Ser Asn Thr Pro Gly Arg Arg Ala Asp Leu Gly 
20 25 30 

Val Arg Gly Asp Arg lie Ala Ala He Gly Asp Leu Ser Asp Ala Ala 
35 40 45 
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Ala His Thr Arg Val Asp Val Ser Gly Leu Val Val Ala Pro Gly Phe 
50 55 60 

lie Asp Ser His Thr His Asp Asp Asn Tyr Leu Leu Arg Arg Arg Asp 
65 70 75 80 

Met Thr Pro Lys He Ser Gin Gly Val Thr Thr Val Val Thr Gly Asn 
85 90 95 

Cys Gly He Ser Leu Ala Pro Leu Ala His Ala Asn Pro Pro Ala Pro 
100 105 110 

Leu Asp Leu Leu Asp Glu Gly Gly Ser Tyr Arg Phe Glu Arg Phe Ala 
115 120 125 

Asp Tyr Leu Asp Ala Leu Arg Ala Thr Pro Ala Ala Val Asn Ala Ala 
130 135 140 

Cys Met Val Gly His Ser Thr Leu Arg Ala Ala Val Met Pro Asp Leu 
145 150 155 160 

Gin Arg Ala Ala Thr Asp Glu Glu He Ala Ala Met Arg Asp Leu Ala 
165 170 175 

Glu Glu Ala Met Ala Ser Gly Ala He Gly He Ser Thr Gly Ala Phe 
180 185 190 

Tyr Pro Pro Ala Ala Arg Ala Thr Thr Glu Glu He He Glu Val Cys 
195 200 205 

Arg Pro Leu Ser Ala His Gly Gly He Tyr Ala Thr His Met Arg Asp 
210 215 220 

Glu Arg Glu His He Val Ala J\la Leu Glu Glu Thr Phe Arg He Arg 
225 230 235 240 

Arg Lys Leu Asp Val Pro Val Val He Ser His His Lys Val Met Gly 
245 250 255 

Gin Pro Asn Phe Gly Arg Ser Arg Glu Thr Leu Pro Leu He Glu Ala 
260 265 270 

Ala Met Ala Arg Gin Asp Val Ser Leu Asp Ala Tyr Pro Tyr Val Ala 
275 280 285 

Gly Ser Thr Met Leu Lys Gin Asp Arg Val Leu Leu Ala Gly Arg Thr 
290 295 300 
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lie lie Thr Trp Cys Lys Pro Phe Pro Glu Leu Ser Gly Arg Asp Leu 
305 310 315 320 

Asp Glu Val Ala Ala Glu Arg Gly Lys Ser Lys Tyr Asp Val Val Pro 
325 330 335 

Glu Leu Gin Pro Ala Gly Ala He Tyr Phe Met Met Asp Glu Pro Asp 
340 345 350 

Val Gin Arg He Leu Ala Phe Gly Pro Thr Met He Gly Ser Asp Gly 
355 360 365 

Leu Pro His Asp Glu Arg Pro His Pro Arg Leu Trp Gly Thr Phe Pro 
370 375 380 

Arg Val Leu Gly His Tyr Ala Arg Asp Leu Gly Leu Phe Pro Leu Glu 
385 390 395 400 

Thr Ala Val Trp Lys Met Thr Gly Leu Thr Ala Ala Arg Phe Gly Leu 
405 410 415 

Ala Gly Arg Gly Gin Leu Gin Ala Gly Tyr Phe Ala Asp Leu Val Val 
420 425 430 

Phe Asp Pro Ala Thr Val Ala Asp Thr Ala Thr Phe Glu His Pro Thr 
435 440 445 

Glu Arg Ala Ala Gly He His Ser Val Tyr Val Asn Gly Ala Pro Val 
450 455 460 

Trp Gin Glu Gin Ala Phe Thr Gly Gin His Ala Gly Arg Val Leu Ala 
465 470 475 480 

Arg Thr Ala Ala 
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SEC'UEIJCB LtSTIWO 



PcrryGB9'3.oa345g 



<110> Chirotwch T e.t=hn<aiog3f Limited 

<L£0:' AKEMORCyj^ASE AWD ITS USI IN -THE PRCWCTIOfJ OF 

<13Q> Rsro^d^^KO 

<140> not yet known 
<141> l9SB-lQ-2n 

<1S0> 4 

<21Ct> 1 
<211> 36 

rtl3> Artificllil jje^iiiftji-ce 
<£20> 

<223> I'e^ycrlpt.lQii of Artificial S«4U»t^c<: 
Ollgonucleotids 

<:4PP> a. 

9$«^ocbt.gg ccga&tccga ttci^ca^CQC ttcgac s6 

<21<» £ 
<212> HHA 

<2sl3> fixtificial &eq%jenc«. 
<2Z0> 

<223> Da»Eiption Of /qrtilicial Sequenc*-: 
DligonuclftDtlcLfr 

<400> 2 

gt7«4ttcg$i gctc&ggcgg cctgcgtgcg agca 34 

<210> 9 
<211.> 1473 
<2I2> tm 
<213> AlcaligenBs 

1 



wo 00/23599 



PCr/CBEH>.'0345S 



gcc gcc tgc ttg ptg ggc cat teg acg et? c^o gcc gcg gtc At<a ccg 
Ala Ala Cj'B Mflt VAi eay hi a Ser Thr L*a Arg Ma JLLa Val M«t Pro 
145 lAG 155 

pac ttg cag cgc gcc gcc ftCC pac gag gaa ate gcg fcc atg egg gac 
Ajp IrfW Gin Arg Ma Ala Thr Ajp GiU <3lw Xla Al» JU* Mtt J^rg A9p 
160 1^5 170 



46 



<r521> CDS 
<22Z> H) C145fl) 

<40D> S 

ggatcc *tg flcc gaa tcD gat tec c«g ccc ttc gac ct^ ctg etc fltg 

Met Ala Glii Sar Asp Ser Gin Pro Phe Aap Leu L©U ieu V«I 
1 5 

g^ic ggc acc otc ate gac ggc age aac acc cc^l ggg egg cg« gcc gac 
Gly CHy Th« lifcu He Aap &ly 6" '^Ifa '5'^^^^ 
15 20 

ctg ggc ptg i^jgo ggc gac cgc ate gcc gcc ate gge gat ctg tcg gae 144 
I^fiu Gly V«i Arg sly A^P Arg lie Al« Ala He Sly Asp LeU Scr MP 
35 4[> 4& 

gcc gcc gc^ cac acc egg gtc gac tftg teg ggc ctg $tfl gtc gcg ccc 192 
jaa Ala AlA His Thr Arg Val Asp Vul -Gly Lau Vai V<.1 Al* Pre 

SCI 55 

ggc ttc ate pAC teg cae acc eac gac ffaO Aie tac ctg etc «gg c^-c 2^0 
Gly Pho lie A^p ser Kls OMir His A»p Acp Aan Tyr Lm Lcu Ar« Arg 
eS 70 75 

cgc gic iitg acg ecc aag ate tog c«g ^gc gtc acc 4cg gtg gtc oag 284 
Arg Asp Met TMir Pro Dyfl ri» S«r «ft Gly Val The Thr Val Val Ttir 
eo 65 »o 

ggc tgc gge ate age ctg gca ccg ctg gcg cac gcc aac ccg cce 

Qiy AtfU CyjB Gly lie S«r Lou Ma Pro Leu Ala His Ai^ Aan Fro Pro 
55 IQQ l<ia tlQ 

gcc Dcc ctg gA« ctg ctg gac gaa ggc gflt teg tac cgc t-tc gft^ cgc 3fi4 
Ala Pro Itm^ AS^ Ii<u Iifiu Aap Glu Gly Crly !9<r Tyr Axg th» GlW Arg 
115 120 IZS 

t-tc gcc gac tac ctg ^ac gcg ttg egg gee ftcg ecg gcg gcc gt-c ««c -432 
Phe Ala Asp Tyt Leu* Asp Ala LcLa Arg Ala Thr Pro Ala Ala Val Aan 
130 13a 140 



4«Q 



526 



Z 



ctg 5CC 9*9 gas gcc attf ^te age ggc gcc afec gg^ *tt teg acc ggc ST-G 
X-eu Ala Gl« GJ-u Ala Kat FQ* Gjy Ala lis Giy 11c ^fcr rtir Gly 

175 laO laS IPO 

gcc tte tac ccg c^c gcc gcc cgc gcc ftCC ace gaa gag ate ate g^ff 634 
JUA Pbe Tyr ^ta Ala Ala Ar^ AlO Thr Thr Glu 01 u II* lit Glu 
I9S 200 20$ 

gt;g tgc egg ocg ctg Age gcg cat ggc ggc Ate tac gcc acc ca.c nt^ €72 
V*l Cya Arg l-au Sex Ala His Criy <?ly II a Tyr Ala Thr Hi« M«t 

210 2I& 220 

cgc gac 941 0 cgc gag cac Ate gtg gcc gcg ctg gm^f gea acc ttc cgc 720 
Arg Asp GIU Arg Glu His He Val Ala Ala Lou Gill nv, "Thr Fhe Arg 
225 £SQ 235 

ate cgic «gc aag ctfl ga^ gtg ccg gtg gtg ate tc-g cac cac «Ag gfcc 765 
11* Arg Arg Lys Lau Aap val Fr^ V*! V?^l I la Sar His Mi» Li'B Vul 
240 24£ J^&O 

atg ggc c»g cee Aat. ttc ggc c^c teg ego gag acg ctg cc^ etg ate feifi 
Mat Gly <Sin Pro Aan &iy Arg £er Arg Glu Th.r Xctt Pro L&u lla 

2«C 

gag gcc gcc atg gcg cgc CM 9 gae gtc teg ctg gac gcg tat ccc tac 364 
GOLu Ala Ala Mat Ala Aig «ln Vfcl Sax Leu Asp Al* Tyr Pro Tyjc 
275 2«0 2^5 

gtg gcc ggc tec aec afcg etc nrtg cag gac cgc gtg ctg ctg gee gga 912 
Val Ala Cftly flar Thr Mat Ley Ly^ Gin Aep Arg Val Lbv Leu Ala Gly 
2»0 Z9i 300 

cgc «C!e ate ate acc tgg tgc aag ccc ttc Cce g^a ctg age gg-g cgc 
PiXg Tbr IIb 31* Thr Trp Cya Ly» fro t3i» Oiu Le-u S«r 01 y Arg 

305 310 315 

^jiC Ctg gat gaa gtc gcg gcc gag cgc ggc t-ce aag tac gac gtg lOOB 
Asp L«u Asp Glu Val Alt Ala Glu Arg Gly Lys Bb£ Ly« 7yr Asp Val 
32a 32& 330 

gtg ccc ctg cag ccg ^cc ggc gcc ate tac ttc fitg atg gac gaa 105 & 
Val Pro <¥1U Lau Gin Pro Al» 51 y Al<i lie Tyr Phe Wot ^5at Aap Glu 
^35 340 34S ^B0 

CCC gac gtg cag cgc atc ctg gcg ttc ggC Ccg «cc atg ate ggc tec 1104 
fro Asp Vftl Gin Arg 11 » Leu Ala Phe Gly Pro 5*hr Met lie Gly ser 
355 3€D 3€5 



gac ^ffC ctg ccg cae gsc gag cgc teg cat cc^r egc ctg tg? «?e: acc 1L5£ 
jLsp Sly Pro Hi* Asp Gin Arfl Pro His trc- Arg Leu Trp <51y Thr 

3-JO 3" 39D 

tto ccg cga gtg ctg ggg csic tfit gcg cgc gac ctg gflc ct? ttc ccg 1200 
the Aug VAi Le.u Gly Hi» Tyr Ala AES> A*P ieu <S].y Ph« Pro 

3B5 390 

ctg gag ftcg gcg gta tjg aag atg ncc ggc ctg ^<^c gcc gcg ogc ttc L3« 
UlU Thr Al» V«l Txp Lya M«t TftT Ely 1-«U Tlvr Ala Al<i ATfl Ptlt 
400 

ggc ctg gee ggg cgc ggg eag ctg c*g ^cc ggg tmc ttc gcc gac ctg 12 Ft 
Gly Leu Ma Giy Arg Sly Sin Clft JJ-a Gly Tyr Phe Rla Asp l.wv. 
415 420 "S 430 

gtg gtg ttc gac ccg cice acq gtg flcje gat acc gi=<= bcc ttc gaa c*c 1344 
val VrI Plie AHp £^r6 JlLb Thr Val Alft Asp rrhr Thr Fhe olu Hi* 
435 4*0 

CDt acc gag ogc gcc gCC ggc ate cat tee gtg t«c gtc aac ggc gcg 
Pro Ihr Slu Rrg Al* Ala Gly 31« HS-S Sar Val Tyr val Asn Sly Ala 
45g 4Sa 

ceg gtc tgg caa gag cag gcg ttc acc ggc cag cat gcC ggc cgc gtg 
Pro val Trp Gin Glu Gin AXa Pha Thr Gly Sin His Al» Gly Acg Val 
46a 

etc gca cge acg gcc gcJC tg&gctcgaa ttMc l^^S 
liHii Ala Rrg Thr Ala Al* 
4BD 



3392 



1440 



<2iQ> 4 

<211> 4i« 

<212:> PRT 

<213> Alesligenea 

<40Q> 4 

Met Ala (Jlu Sftr ASP Ser Oln Px* Phe Asp IiftU ieu VaI Gly Gly 
Thr !!• AjbP Cly Ser Asn Thr Pro Gly Arg Arg Ala A*p L-tU Gly 

20 as 30 

val Arg Oly R»p Acg lie AlR Ala 11* Oly Rsp I.eu a*r ASP Ala Ala 
35 40 45 
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Ala Hi H Thr Arg Val Ar-p Vil Ser Ely Lou Val Val Ala Pro Gly P^hc 
SO " 35 en 

lie Asp Scr Hia Thr Bi« Asp A»P Aan Tyr LftU teu Aig Arg Arg Aap 
fis 7ti 75 ao 

Mtt Thr- Pro Ly« Hb ser <Sln iSly Val Thr Thr Val VbI Thr Oly Aan 
B5 90 95 

Cys Gly 11a S«ir l*u Ala Pr& Leu Ala Hia Ala A»h Pro Pro Al* Szo 
100 

lAU Aflp Ijbu I/fcu Asp clu Cly Giy Ser ryr Arfl Pbe Slu Arg Pha Ala 
115 120 125 

Aap Tyr Leu Asp Al« LftM Aig Ala Thr tro Ala Ala Val As ft Al* Al* 

130 laa 

CyB Het Val Gly His Bar The Leu Arg Ala Al* Val Met Vt^ hap Lku 
X« 150 155 160 

Gin Arg Al* Ala Thr Asp Slu Glu lie Ala Ala M«t Atg Aap l«u Al* 
165 170 l''^ 

Glu «11U AlA Hat Al* ser Sly Ala !!• OXy lie Ser Thx «ly Alft eh.e 
lao IBS 190 

Tyx- Pro Ftc Ala Ala AT? Ala Thr Thr Oltt MU Jle lie Slu V*l Cj'S 
195 ZOO 205 

Arg Pro htv ser Ala Hie Gly Oly lie Tyr Ala Thr His Met Arg Asp 
210 250 

Glu Arg Glu His He Val AlA Ala Leu Glu &lu Thr Phe Axg 11a Atg 
ai5 230 255 

Arg Lye Leu A*p VaX em Vai Val He Ser Hia His Lys Val Hat Gly 
245 250 2" 

Gin Pro Ac ft Pha Gly Aty Ser Arg Glu Thr L«U Pr& Leu 11a «lu Aid 
260 2G5 270 

AiB Met Ala Ars €ln Asp Val fler l«eu Aep Ala Tyr Pro Tyx val Ala 
275 280 285 

Qiy sar Thx net Lau Ly* &ln Asp Axg Val Lbu Lew Ala Bly Arg TJia: 
230 
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21* He Thr Trp Cya L-ya Prp ?he Pro Glu iwu Gly Arg A5p i,»u 

305 310 315 32G 

Asp C-Xu Vai Ala Glu Arg Cii' Lyes Ser Lys Tyr A-sp val VaL Pro 

$24 530 335 

Glu Lau GiCl PTO Ala Oly AlA He Tyr M«t Met Asp eiu Pro A^p 

340 345 350 

Val Gin Arp Ha Al« PKe Gly Pro Tkix Nfct Ha 01 y a^r Aap cny 

3^4 a€0 

liftL* Ptd Hi« Aap Glu Axv 5ia Pro p*rg Iq^u '^vp Sly Thr Ptte Pro 
a-JO 575 deo 

Arg Val Xi^u Gly His Tyl^ Ala Acg Asp LcU Gly lieu Ph« Pjc^ Leu Gm^ 
^QA 390 ^94 400 

Tlir Al* Vftl Txp Ly« Mfct Thr Gly lieu Thr Ala Ala Arg ^Jie Gly Leu 

405 ^IQ 415 

Al* Gly Arg (51 y Glxi Leu «In JUa Cly Tyr Pha JU* Asp L«U VAl V4l 

42A 430 

Aap pro Ala Thr V^l Ala Asp Thr Ala Thr fh« ^lu His ^ro T-hr 

440 445 

Glu Atgi Ala Ala eiy Slfc H±fl Ser Val Tyr Val abh Gly Ala Pro Val 
450 4A5 460 

Trp Gin Glu Om AlR Phe Thr Sly fllti Hi^ Ala eiy Arg Val Lau Ala 
4 €5 470 460 

Arg Thr Al* Ala 
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